The solubility of oleic and linoleic acids in water was measured in the range from 60'C to 230'C at 15 MPa. The solubility of oleic acid was almost the same as that of linoleic acid in this range, and the solubility of the fatty acids was higher at higher temperature. The logarithm of the solubility of the fatty acids was related to the reciprocal of the absolute temperature by a linear equation with a negative slope at temperatures above 150'C, and the enthalpy of the solution of each fatty acid in the liquid state in water was estimated to be 122 kJ/nrol.
Introduction
Subcritical water is water that maintains its liquid state under pressure at temperatures below the critical point. Subcritical water has two features different from those of ambient water: one is its low dielectric constant and the other is its high ion product. The relative dielectric constant of water decreases from about 80 at 25'C to about 35 at 200'C, which is almost the same as that of ambient ethanol (Miller & Hawthorne, 1 998) . Due to this feature, the extraction of hydrophobic substances from plant sources with subcritical water has been investigated (Basile et al., 1998;  G~miz-Gracia & Luque de Castro, 2000; Ayala & Luque de Castro, 2001) .
The solubility of oils and fats in subcritical water is basic data for its use in their processing. Therefore, we reported the solubility of saturated fatty acids with even carbon numbers of 8 to 18 in water at 60'C to 230'C under pressures of 5 and 15 MPa (Khuwijitjaru et al., 2002) . In this study, the solubility of unsaturated fatty acids, i.e., oleic and linoleic acids, in water was measured in this temperature range. The solubility of saturated fatty acids with even carbon numbers of 12 to 1 8 at temperatures higher than 230'C and lower than 120'C was also measured.
Materials and Methods
Materials The oleic (purity > 99%) and linoleic (> 97%) acids were purchased from Tokyo Kasei Kogyo, Tokyo, Japan. Myristic (> 98%), palmitic (> 95%) and stearic (> 95~;~o) acids were purchased from Wako Pure Chemical Industries, Osaka, Japan. Lauric acid was a product of Sigma, St. Louis, MO, USA.
Solubility measurement The solubility of each fatty *TO Whom correspondence should be addressed. E-mail: adachi@kais.kyoto-u.ac.jp acid in water was measured using the same apparatus as that used in our previous report (Khuwijitjaru et al., 2002) under pressures of 15 and 20 MPa at temperatures of 600C
to 230'C for unsaturated fatty acids, and at 60'C to 120'C, 250'C and 270'C for saturated ones. Five milliliters of water was put into a high-pressure-resistant vessel (volume: 30 ml), which was packed with 3-mm diameter glass beads, and 10 ml of fatty acid was then added. The vessel was placed in an oven. Distilled water, which had a conductivity of < 20 uS/cm and was degassed by sonication under reduced pressure, was fed to the vessel with an HPLC pump at a constant flow rate of 0.1 ml/min. Water passed down through the fatty acid phase to reach equilibrium solubility. Water that flowed out of the vessel was mixed with chloroform, which was delivered at a flow rate of 0.2 ml/min with another HPLC pump at a 3-way joint. The mixture was passed through a back-pressure valve, which was used to regulate the pressure in the system, and was sampled in a test tube. It had been confirmed previously (Kwuwijitjaru et al., 2002) that the fatty acid concentration reached a constant value after 150 min or longer at any temperature. Analysis Three to five samples (3 ml each) were collected in test tubes after a steady state was achieved. An internal component dissolved in chloroform for gas chromatographic analysis was added to the tube. The internal standards were lauric acid for the myristic and palmitic acids, myristic acid for the lauric, stearic and linoleic acids, and palmitic acid for the oleic acid. The fatty acids were methylesterified according to the method of Hashimoto et al. (1981) , and were quantified with a GC-7A gas chromatograph (Shimadzu, Kyoto, Japan) equipped with a flame ionization detector and a 3.1-m glass column of 3.2 mm i.d. containing Thermon-3000 5% Shincarbon A (60-80 mesh) packing material. The solubility was expressed by an average for 3 to 5 samples, and the standard deviation was within 20% of the mean value in most cases. (Khuwijitjaru et al., 2002) . The solubility of each fatty acid was higher at higher temperatures. The solubility of linoleic acid was almost the same as that of oleic acid at any temperature though the linoleic acid has more unsaturation than oleic acid. The solubility of the unsaturated fatty acids of 18 carbons was slightly higher than that of the saturated palmitic acid with 16 carbons.
The solubility in units of mol/kg of water was converted to the mole fraction, XF, and is plotted versus the reciprocal of the absolute temperature, T, in Fig. 2 on a semilogarithmic scale to evaluate the enthalpy of solution, AHF P. KHUWIJITJARU et al.
from the following equation (Shinoda, 1977) : AHF = -R(d In X /a(1/T))sat (1) where R is the gas constant, and the sat subscript represents "saturated". The plots at temperatures above 150'C lay on a straight line for each unsaturated fatty acid. This would indicate that the iceberg formation around the unsaturated fatty acids in water was negligible as well as that around saturated fatty acids (Khuwijitjaru et al., 2002) at these temperatures. The enthalpy of the solution of a fatty acid in the liquid state in water, A~F, was evaluated from the slope of the line for the fatty acid. The estimated values are listed in Table I . For the saturated fatty acids, the data obtained both in this and previous studies were used. The enthalpy for the fatty acid with more carbons was greater as previously shown (Khuwijitjaru et al., 2002) . The enthalpies for the oleic and linoleic acids were identical, and were lower than that for saturated stearic acid with the same carbon numbers as the acids. (Khuwijitjaru et al., 2002) . The curves were empirically drawn. Relationship between the mole fraction solubility of the fatty acids and the reciprocal of the absolute temperature.
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